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(54) PRODUCTION OF COMPOUND OF 2-OXETANONES 

(57) Abstract : 

PROBLEM TO BE SOLVED: To suppress the formation of by-products and stably obtain 
a 2- oxetanones compound useful as a raw material for chemicals, polymers, 
especially a biodegradable polypropiolactone , etc., in high selectivity by 
passing an oxirane compound and carbon monoxide through a specific catalyst, 
bringing the compound and carbon monoxide into contact with the catalyst to react 
the compound with carbon monoxide . 

SOLUTION: (B) A compound of formula I (Rl and R4 are each H or a hydrocarbon 
group) (e.g. ethylene oxide, propylene oxide or styrene oxide), etc., and (C) 
carbon monoxide are passed through (A) a cobalt -based catalyst (e.g. a catalyst 
obtained by carrying dicobalt octacarbonyl , cobalt nitrate or cobalt acetate onto 
a support such as silica gel, alumina or zeolite and heat-treating the material 
under atmosphere such as hydrogen, nitrogen or carbon monoxide) and brought into 
contact with the catalyst to react the compound of formula I with carbon monoxide 
and obtain the objective compound such as a compound of formula II or formula III 
(e.g. 2-oxetane, 4 -methyl-2 -oxetane or 4 phenyl-2 oxetanone) . 
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CLAIMS 



[Claim (s)] 

llttin^Tt manUf3CtUre ^oach of 2-OKISETANON compound characterized by 

contacting an oxirane compound and a carbon monoxide for a cobalt . system catalvst 

under circulation, and making them react to it cooait system catalyst 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 



2 F OKisE?LoN\frr ti0n]T ? iS - inVenti0n rSlateS t0 the ™>facture approach of 
caSvft ^ ClrCUlatl ° n type re ^tion which used the cobalt system 



catalyst 
[0002] 



known Ts, max! * V A f ]ThS manufacture approach of 2-OKISETANON compound 

known best makes ketenes and aldehydes react to the bottom of existence of the 
Frxedel crafts system catalyst. However, it was difficult for ketenes and the 
aldehydes themselves to obtain what has high purity in many cases and sLS 
moreover both reactivity was high, the problem tha£ the by-product of a e 
quantity and varieties mixed was in obtained 2-OKISETANON compound La 
by-product, carboxylic acids and those acid anhydrides, such as an aJetic acid 
an acrylic acid, and 3-hydroxypropionic acid, are main, and these show remarkable 
KSSE^S^?" 1 ' *« ™* - -e polymerization ITl^ 

[0003]The oligomer of 2-OKISETANON has been obtained in British JP, 1020575 B as a 

ration forTST ' "V' ^ to *» ** performing a batch type 

reaction for ethyleneoxide and a carbon monoxide with 100 to 3 00 atmospheric 

^r^OKl'sETS 6 :! t0 th % b ° tt0m ° f dicobaltooctacarbonyl catalyst existence 
unaL z OKISETANON also exists in this product 

shown' to r ap V 6 r 65223 TTt^ °l ^-OKISETANON compound by high yield is 

snown to JP, 6-65223, A by by carbonylating an oxirane compound with a carbon 

s:urce d :f a coba?t tC an^ e h r r Cti ° n ^ ^ clnTstTof a 

tuZ L v, C ° balt ' and a ^roxy permutation pyridine compound. However, in order 
that the hydroxy permutation pyridine compound in the used catalyst system may 
act as a polymerization initiator of generated 2-OKISETANON compound! carrVTS 
out the polymerization of the generated 2-OKISETANON compound immediately l±tl 
ITlt * " SP6Cified in the deification. Therefore,^ long as it carries 
out at a homogeneous system liquid phase batch type reaction in this catalvst 

the 2^0KISETANON P compound t0 ^ ™" P^i^E"* 

[0005] 

i^ l6 H ( ^ *o fa e S olved b Y ^e Invention] This invention offers the manufacture 
approach that it is in the condition which hardly contains a by-product and 
2-OKISETANON compound can be isolated alternatively Product, and 

[0006] 



ih^n L ■ 9 Proble ^ As a "suit of repeating research wholeheartedly 

when this invention persons adopted the flow method and contact time with a 
in S WaS , Sh0rt - ned ' find out that 2-OKISETANON compound can be isolated 

invention thT- ^, 3 b ^P roduct is h *rdly included, and came to complete this 
invention That is, this invention is the manufacture approach of 2 -OKISETANON 

forTcl C ? araCt r iZed ^ C ° ntaCtin 9 an compounded a carbon monoxide 

for a cobalt system catalyst under circulation, and making them react ™° n °t 

[0007] This invention is characterized by making the catalytic reaction shown by 
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the following formula under circulation perform. By carrying out like this, it 
can be promptly desorbed from a catalyst bed from 2-OKISETANON compound generated 
on the catalytic activity point, and 2-OKISETANON compound can be isolated as the 
result. Moreover, since side reaction is also suppressed, an impurity decreases 
extremely in 2-OKISETANON compound obtained. 

[00083 

[Formula 1] 




[0009] 

[Embodiment of the Invention] If the oxirane compound in this invention is a 
compound which contains at least one three membered ring ether structure in the 
structure, it will not be restricted especially. If the oxirane compound used 
preferably is illustrated, ethyleneoxide , propylene oxide, isobutene oxide, 
2-butene oxide, styrene oxide, 1, 2-epoxy hexane, 1, 2-epoxy octane, cyclohexene 
oxide, glycidyl methyl ether, glycidyl methacrylate , epichlorohydrin, etc. will 
be mentioned. As that in which especially reactivity is excellent also in these, 
ethyleneoxide, propylene oxide, and styrene oxide are used more preferably. 

[0010] The cobalt system catalyst in this invention is not restricted especially 
if it is the catalyst prepared considering the compound (it is also called the 
source of cobalt) which comes to contain cobalt as a raw material. As this source 
of cobalt, organometallic compounds, such as an acetylacetonate complex of an 
inorganic compound like dicobaltooctacarbonyl , a cobalt nitrate, and a cobalt 
chloride or cobaltous acetate, or cobalt, etc. are mentioned. Also especially in 
this, dicobaltooctacarbonyl, a cobalt nitrate, cobaltous acetate, etc. are used 
suitably. Although it is also possible to use these as a catalyst as they are, 
since this cobalt system catalyst is a catalyst used for a circulation type 
reaction, what existing as a solid-state supported with the bottom of a reaction 
condition by the usual sinking- in method etc. preferably therefore on some 
support, such as silica gel, an alumina, a zeolite, a silica alumina, a zirconia, 
or inactive glass, is suitable for it. Furthermore, in what was supported on 
these sources of cobalt, and support, what performed heat- treatment etc. under 
various gas ambient atmospheres, such as nitrogen, and hydrogen or a carbon 
monoxide, is used. In addition, if in charge of preparation of a cobalt system 
catalyst, in addition to the source of cobalt, it can also be used, being able to 
mix the compound which can serve as a co-catalyst which raises labile. A hydroxy 
permutation pyridine system compound is mentioned as a co- catalyst used suitably. 

[0011] Although it is not limited, when the balance of an invert ratio and 
selectivity is taken into consideration, as for especially the cobalt 
concentration on the cobalt system catalyst in this invention, it is desirable 
that they are per [ 0.01 ] 1ml of catalysts - lOmmol atomic weight, and it is 
more desirable that it is 0.1 - 5mmol atomic weight. When cobalt concentration is 
under O.Olmmol atomic weight per 1ml of catalysts, in order to obtain a high 
invert ratio, it must be filled up with a catalyst so much, and may be 
industrially disadvantageous. Moreover, even if it exceeds lOmmol atomic weight 
for cobalt concentration per 1ml of catalysts, there is little effectiveness by 
having used cobalt so much. 

[0012] Although not limited especially about the embodiment of the manufacture 
approach of this invention, if a general approach is illustrated, it will be as 
stating below. That is, the coil filled up with the cobalt system catalyst is 
warmed to predetermined reaction temperature, the raw material which mixed the 
carbon monoxide with the oxirane compound at the rate of a constant ratio is 
supplied there by the predetermined rate of flow, and it is made to react in a 
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catalyst bed. 2-OKISETANON compound is obtained by removing an unreacted raw 
material oxirane compound and an unreacted carbon monoxide from the reaction 
mixture which passed the catalyst bed. As long as there is need, distillation 
purification of the 2-OKISETANON compound may be carried out after that. 

[0013] an oxirane compound is mixed with a carbon monoxide in the manufacture 
approach of this invention -- having --a raw material --a catalyst bed is 
supplied as a mixture, although an oxirane compound and a carbon monoxide react 
by the mole ratio 1:1 and 2-OKISETANON compound is generated -- raw material 
mixing -- it is not necessary to necessarily set the mixing ratio in the inside 
of the body to 1:1, and the direction of yield which made the carbon monoxide 
superfluous improves. The carbon monoxide of a desirable mixing ratio is one to 
20 times more suitably one to 50 times to an oxirane compound. When less than 1 
time, an invert ratio and selectivity become low, and since an oxirane compound 
is diluted too much when exceeding 50 times, an invert ratio tends to fall. In 
addition, after catalyst bed passage, it dissociates with a product, if the 
carbon monoxide and the unreacted oxirane compound for an excess are required, 
they can be refined, and they can be again used as a reaction raw material. 

[0014] In the manufacture approach of this invention, although especially the 
contact time of a reaction raw material and a catalyst is not limited, if the 
balance of an invert ratio and selectivity is taken into consideration, the range 
for 0.01 - 30 seconds is suitable. Furthermore, when contact time is the range 
for 0.1-10 seconds, coincidence is realized and a high invert ratio and high 
selectivity are especially suitable. Contact time is time amount required in 
order that a raw material may pass through the inside of a catalyst bed here. For 
example, a catalyst bed is the volume of Xml , and when raw material mixture is 
supplied by the rate of flow of Yml per second, contact time is a value expressed 
as a X/Y second, the important element with which this contact time influences an 
invert ratio and selectivity -- it is -- a raw material - it is controllable by 
the speed of supply of a mixture, the cobalt concentration of a catalyst, and the 
amount of the catalyst used. 

[0015] As for the catalytic reaction in this invention, it is desirable to make it 
go on on comparatively quiet conditions. Although especially reaction temperature 
is not limited, 20 - 120 degrees is desirable from the balance of an invert ratio 
and selectivity, and 4 0 - 80 degrees is more desirable. Atmospheric pressure - 50 
atmospheric pressure of reaction pressure is desirable, and its atmospheric 
pressure - 30 atmospheric pressure is more desirable. When exceeding 50 
atmospheric pressures, it may become disadvantageous in cost on the structure of 
equipment . 

[0016] 

[Effect of the Invention] Since 2-OKISETANON compound is extremely rich in 
reactivity, it is useful as the raw material of various chemicals, and a monomer 
of a polymer. Especially 2-OKISETANON is very important as a raw material monomer 
of the poly propiolactone which is a biodegradable plastic. 

[0017] By this invention, 2-OKISETANON compound can be stably isolated with hiqh 
selectivity. 
[0018] 

[Example] Although an example explains this invention to a detail further, this 
invention is not limited to these examples. 

[0019] The catalyst was prepared by filling up the coil made from stainless steel 
with what supported example 1 dicobaltooctacarbonyl lg to 7g (5ml) of inactive 
glass particles of the particle size of 0.8mm, and surface area of 0.65cm 2/g 

(cobalt concentration 1.2mmol atomic weight / ml), and processing at 100 degrees 
under a carbon monoxide 10 atmospheric -pressure ambient atmosphere for 2 hours 
The raw material which mixed ethyleneoxide and a carbon monoxide by the ratio of 
1:10 here was circulated. 60 degrees, reaction pressure was performed with ten 
atmospheric pressures, and reaction temperature performed contact time in 1 . 5 
seconds. High performance chromatography and a gas chromatography analyzed the 
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obtained product. Consequently, everything but a raw material of the reaction 
mixture out of which the invert ratio to ethyleneoxide came from the coil 30% is 
only 2-OKISETANON, and other by-products were not detected. 

[0020] The catalyst was prepared by filling up the coil made from stainless steel 
with what supported example 2 dicobaltooctacarbonyl lg to 3 . 5g (6.5ml) of silica 
gel particles of the particle size of 75-500 micrometers, and surface area of 
500m 2/g (cobalt concentration 0 . 9mmol atomic weight / ml), and processing at 100 
degrees under a carbon monoxide 10 atmospheric -pressure ambient atmosphere for 2 
hours . The raw material which mixed propylene oxide and a carbon monoxide by the 
ratio of 1:10 here was circulated. 60 degrees, reaction pressure was performed 
with ten atmospheric pressures, and reaction temperature performed contact time 
in 0.5 seconds. High performance chromatography and a gas chromatography analyzed 
the obtained product . Consequently, the selectivity of 4 -methyl -2 -OKI SETANON in 
the reaction mixture out of which the invert ratio to propylene oxide came from 
the coil 25% is 100%, and other by-products were not detected. 

[0021] The catalyst was prepared by filling up the coil made from stainless steel 
with what supported example triacetic acid cobalt lg to 3 . 5g (5.2ml) of 
activated-alumina particles of the particle size of 100-300 micrometers, and 
surface area of 200m 2/g (cobalt concentration 1 . lmmol atomic weight / ml), and 
processing at 10 0 degrees under a carbon monoxide 10 atmospheric -pressure ambient 
atmosphere for 2 hours . The raw material which mixed styrene oxide and a carbon 
monoxide by the ratio of 1:10 here was circulated. 60 degrees, reaction pressure 
was performed with ten atmospheric pressures, and reaction temperature performed 
contact time in 8 seconds. High performance chromatography and a gas 
chromatography analyzed the obtained product. Consequently, the selectivity of 
4 -phenyl -2 -OKI SETANON in the reaction mixture out of which the invert ratio to 
styrene oxide came from the coil 21% is 100%, and other by-products were not 
detected'. 

[0022] The catalyst was prepared by filling up the coil made from stainless steel 
with what supported example 4-17 dicobaltooctacarbonyl lg to 7g (5ml) of 
inactive glass particles of the particle size of 0.8mm, and surface area of 
0.65cm 2/g (cobalt concentration 1.2mmol atomic weight / ml), and processing at 
100 degrees under a carbon monoxide 10 atmospheric -pressure ambient atmosphere 
for 2 hours. It was made to circulate here on the conditions which show the 
mixture of ethyleneoxide and a carbon monoxide in Table 1 . High performance 
chromatography and a gas chromatography analyzed the obtained product. The result 
is collectively shown in Table 1. 

[0023] 

[Table 1] 
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